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Advanced  Heterostructure  Transistors  V 
Technical  Highlights 
T.C.L.  Gerhard  Sollner,  Chairman 


The  meeting  was  opened  by  an  address  by  A.  Shibatomi  from  Fujitsu  Limited,  who 
discussed  the  Fujitsu  view  of  the  III-V  market.  Noteworthy  are  that  the  microwave  III-V 
market  is  only  $1(X)M,  while  that  for  optoelectronics  is  $1B,  this  latter  divided  roughly  1/3 
space  applications,  1/3  military,  and  1/3  communications.  The  1992  component  market 
was  divided  as  follows:  83%  MESFET,  14%  HEMT,  3%  HBT.  Expectations  are  that  the 
market  share  of  HEMT  and  HBT  devices  will  take  over  a  combined  total  of  45%  by  1996. 
The  GaAs  IC  business  is  now  $200M,  roughly  split  between  digital  and  analog. 
Computers  take  up  1/3  of  the  digital  business,  of  which  48%  are  supercomputers,  24%  arc 
workstations.  Fujitsu  is  investing  in  4-in-wafer  processing,  and  is  combining  0.8-pm- 
GaAs  MESFETs,  with  BiCMOS  for  cache  RAM,  for  a  355  GRop  machine.  The  large 
chips  will  dissipate  20-30  W,  requiring  liquid  cooling.  Fujitsu  clearly  sees  a  bright  future 
for  Ill-V-based  systems. 

The  session  on  Heterostructure  FETs  concentrated  on  power  devices.  L.  Eastman 
of  Cornell  University  reported  5  W  at  4  GHz  with  70%  efficiency  and  15  dB  of  gain  from  a 
GE  device,  and  1  W  at  4  GHz  with  80%  efficiency  from  Raytheon.  J.  Wolter  described 
avalanche  breakdown  via  DX  centers  in  AlGaAs,  and  theoretical  optimization  of  deep 
submicron  HFETs  for  power  handling  was  reported  by  M.  Das. 

Silicon-germanium  HBTs  have  made  several  improvements.  K.  Ismail  of  Cairo 
University  and  IBM  showed  how  the  Si/SiGe  band  lineup  can  be  changed  by  strain  relief, 
producing  barriers  to  electrons  as  well  as  holes.  Very  high  mobilities  were  reported,  and 
the  claim  was  made  that  SiGe  devices  at  77  K  may  be  operationally  equivalent  to  III-V 
devices  at  room  temperature.  This  would  clearly  be  important  given  the  fabrication 
advantages  of  silicon-based  technologies.  Silicon-germanium  HBT  technology  seemed  to 
be  too  complex  to  insert  into  digital  processes,  but  SiGe  FETs  may  not  be.  The  best  SiGe 
HBT  reported  was  fj  =  50  GHz,  Rb  =  50  Q,  for  a  2.0  x  0.2  pm  device  by  M.  Nakamae 
from  NEC  Corporation. 

Resonant-tunneling  diodes  (RTDs)  have  been  combined  into  potentially 
multigigahertz  shift-register  circuits  by  G.  Sollner  at  MIT  Lincoln  Laboratory.  A  transistor 
that  controls  current  by  pinching  off  a  resonant-tunneling  diode  has  been  combined  by  K. 
Meazawa  at  NTT  into  logic  circuits  very  similar  to  the  diode  circuits  of  the  Lincoln 
Laboratory  group.  A  similar  transistor  using  a  Schottky  contact  to  control  the  RTD  current 
was  analyzed  by  Eaves,  who  also  discussed  the  problem  of  additional  structure  in  the  I-V 
curve  from  impurity  states  in  the  quantum  well.  M.  Rodwell  of  UC  Santa  Barbara 
suggested  a  Schottky  contact  for  an  RTD  that  should  reduce  the  contact  resistance  and 
increase  the  maximum  oscillation  frequency  significantly. 

R.  Behringer  of  AT&T  reported  experiments  in  optically  controlled  patterned 
growth  of  Na  gratings  using  a  technique  that  may  be  applicable  to  imaging  In  or  Ga  atoms 
during  MBE  growth. 


The  consequences  of  optical  phonon  propagation  in  AlGaAs  structures  were 
discussed  experimentally  by  G.  Maracas  of  Motorola  and  L.  Eastman  of  Cornell,  and 
theoretically  by  K.-W.  Kim  of  the  University  of  North  Carolina.  Interesting  effects  occur 
because  optical  phonons  in  GaAs  cannot  propagate  in  AlAs  and  conversely.  However, 
calculations  showed  that  the  electron-phonon  scattering  rate  does  not  decrease,  as  might  be 
expected  in  confined  structures,  in  fact,  it  increases  above  bulk  values  for  2-D  quantum 
wells. 

HBT  papers  from  III-V  materials  dwelt  mosdy  on  materials  issues  and  centered  on 
carbon  doping  and  its  associated  strain  and  activation.  A  paper  by  K.  Goosen  of  AT&T 
combined  electrooptical  devices  with  HBTs  for  optical  interconnects,  which  are  denser, 
faster,  and  cooler  than  their  electrical  competition. 

Several  novel  devices  were  reported.  S.  Luryi  of  AT&T  described  a  3-input  gate 
that  can  be  switched  between  AND  and  NOR  functions,  and  the  output  can  be  either 
electronic  or  10  {i.W  of  bandgap  light.  J.  Sone  of  NEC  introduced  a  new  concept  for  a 
unipolar  Ge  transistor  for  operation  at  4  K  and  interfacing  to  superconducting  circuits.  He 
calculates  a  current  gain  of  16  at  10  K  with  a  50-nm  base.  He  also  discussed  a  lateral 
resonant-tunneling  transistor  for  the  same  application.  H.-C.  Liu  also  proposed  a  unipolar 
transistor  in  SiGe  technology. 
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